Objective. Despite ample research documenting deficits in executive functioning for adults with chronic pain, the literature on pediatric patients with chronic pain is limited and provides mixed results. The current study sought to further investigate the nature of executive dysfunction in this population and also examine the relationships between pain intensity, duration, and catastrophizing with sustained attention, working memory, and self-and parent-report of executive functioning.
Introduction
Pediatric chronic pain is a relatively common experience of childhood, affecting approximately 23% of children [1] . These children often experience disruptions in multiple aspects of their daily life, including school functioning, that may have a significant impact on quality of life [2] . School impairment can lead to increased stress, strained peer relationships, and decreased educational and vocational opportunities. The relationships between chronic pain and aspects of school functioning are complex and mediated by factors such as mood [3] , parent response to pain [4] , and social functioning [5] .
Most studies on school functioning in pediatric pain populations have examined school absenteeism [2] . Konijinenberg and colleagues [6] found that over half of V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com participants with unexplained chronic pain missed one to three days of school per month. Even more concerning was that 14% of the sample had not attended any school for three or more months. Others [7] have measured academic performance and self-and teacherperceived academic competence. For example, Logan and colleagues [7] found that many adolescents with chronic pain experience a decline in grades and perceive their pain as interfering with their school success. These factors seem closely connected, as students with impairment in one area (i.e., school absence) are likely to experience impairment in other areas (i.e., grade decline, school adjustment) [7] .
Clinical anecdotes suggest one reason adolescents with chronic pain struggle with decline in grades is difficulties with executive functioning skills such as attention, concentration, and memory. Executive function is a higherorder thinking skill responsible for goal-or future-directed behavior [8] . It is likened to the "CEO of the brain." Aspects of executive function include 1) use of attention, 2) impulse control and self-regulation, 3) proper initiation of appropriate behavior, 4) working memory, 5) mental flexibility and taking feedback from the environment to change approach to task, 6) planning/organization, and 7) and the development of problem-solving strategies [9, 10] . Executive function also guides, directs, and manages behaviors and emotions [9] . There is an abundance of research documenting struggles with executive functioning in adults with chronic pain [11] . Specifically, significant difficulties with attention, concentration, working memory, memory, and processing speed in adults with chronic pain have been reported [12] [13] [14] [15] . Although research on executive function impairment in adults with chronic pain is quite expansive, there is very little written in regards to pediatric patients.
Four studies have used a retrospective chart review design to document cognitive functioning and academic achievement in children and adolescents with chronic pain. The authors of these studies have evaluated patients with a variety of pain conditions such as musculoskeletal pain [16] , chronic regional pain syndrome [17] , migraines [18] , and chronic generalized pain [19] . These studies reported various levels of cognitive functioning in children and adolescents with chronic pain. Thirty-eight percent of Sherry and Weisman's [16] sample met criteria for a learning disorder. The other three studies documented overall average intelligence and academic achievement with relative weakness or at-risk concerns in executive functioning skills such as working memory and attention. These studies provide preliminary data to suggest that adolescents with chronic pain experience struggles with executive functioning skills. However, these studies were limited in that Ho and colleagues [19] only utilized subscales on an Intelligence test to measure executive functioning and Cruz and colleagues [17] relied on self-report of executive functioning. In addition, none of the aforementioned studies examined the role of pain variables on executive functioning.
Of the various dimensions of executive functioning, the current study was developed to specifically measure sustained attention and working memory because the common complaints the researchers (who are also practicing clinicians) have heard from patients (e.g., focusing in lectures, studying for tests, retaining information read from books) in clinic seem to reflect these skills. The current study extends previous work by using neuropsychological measures designed to specifically measure working memory and sustained attention and examining the influence of pain intensity, duration, and pain catastrophizing on executive functioning.
Many adolescents with chronic pain report spending a significant amount of time thinking about their pain. Pain catastrophizing involves an exaggerated negative orientation regarding the threat of anticipated or actual pain experiences [20, 21] and has been found to be associated with less adaptive pain coping and increased painrelated disability [22, 23] . Further, people who catastrophize about their pain have a harder time diverting their attention away from pain [24] . In addition, children who report high scores on pain catastrophizing do not benefit from distraction as a pain management technique, whereas those with lower scores do benefit [25] .
Pain catastrophizing has been found to be strongly correlated with hypervigilance to somatic symptoms [26] . Given that patients with chronic pain may have a tendency to be overly focused on their symptoms and may misinterpret slight fluctuations in sensations as more "dangerous" than they really are, providers often wonder about the accuracy of reported symptoms and associated deficits. Therefore, along with standardized assessments of sustained attention and working memory, the current study also included measurements of pain catastrophizing and effort. The current study was designed to evaluate attention and working memory in adolescents with chronic pain and to examine the relations between pain intensity, duration, and catastrophizing with executive functioning. Given that clinical observations suggest that adolescents experience increased pain while at school and engaging in cognitive effort, we made the following hypotheses:
1. Pediatric chronic pain patients would demonstrate abnormal functioning (at least 1.5 SDs from means) in memory and sustained attention relative to standardized norms.
2. Pain intensity would increase over duration of testing.
3. Lower scores in attention/concentration and memory would be related to increased pain intensity, pain duration, and pain catastrophizing. Participants recruited from pain clinic were being seen for their initial evaluation and participated in this study within a few days of that appointment. Those recruited from pain rehabilitation participated in the study during one of their two admission days prior to actually starting the program. Exclusionary criteria for this study included people whose first language was not English and/or those with a history of previously diagnosed attention deficit disorder (ADHD). Only one person met the criterion of ADHD and therefore was not included in this study. Therefore, 40 participants were included in this study.
Method
The majority of participants (n ¼ 30, 75%) were female and Caucasian (n ¼ 38, 95%), which is representative of other chronic pain samples [27] . Primary pain locations included headache (n
, and complex regional pain syndrome (n ¼ 1). Three of these patients (one with headache and two with abdominal pain) were also diagnosed with postural orthostatic tachycardia syndrome (POTS). Most of the participants (n ¼ 34, 85%) reported persistent pain while six reported intermittent pain.
Six of the participants reported using medications with known side effects on cognition including trazadone, topamax, and fentanyl. Most of the participants (60%) reported difficulties with sleep and not feeling rested upon waking. Most of the parent forms (97.5%) were completed by mothers, with only one completed by a grandparent who was also the participant's legal guardian.
Almost one-half of the participants (45%) were attending school full-time but struggled with attendance, with the rest attending part-time (17.5%), online school (15%), or homebound instruction (17.5%). One participant had already graduated high school and one did not report school status. The majority of participants (87.5%) reported earning mostly As and Bs in school. About onehalf (55%) reported taking advanced courses such as honors or advanced placement (AP) classes.
Procedures
This study was approved by the institutional review board, Mayo Clinic. Participants and their parents were recruited while they waited for appointments. After parents and adolescents provided written informed consent and written assent, respectively, they signed up for a day and time to participate in the study. Patients recruited from pain clinic participated in the study within a few days following their appointment in pain clinic. Patients recruited from the pain rehabilitation program participated in the study on their second admission day of the program (prior to the start of treatment).
Testing was conducted in either a medical examination room (for pain clinic patients) or an outpatient psychology testing room. With the exception of one participant, tests were administered in the same order (see details in measures section) for each participant and were given by a child psychology fellow. Due to time constraints, four participants were not able to complete the selfreport questionnaire (BRIEF, see below) and one did not complete the tests for working memory (WRAML2, see below) and effort (TOMM, see below). In addition, there was one participant who became frustrated with taking the test for sustained attention (CPT-II, see below) and seemed to be pushing the button randomly; therefore, this participant's scores were not included in analyses examining the CPT-II.
Testing time typically consisted of 45 to 60 minutes. Parents completed parent forms about their child's functioning in the waiting room while their child completed the assessments. Adolescent participants received a $25 check for their participation.
Measures

General Information
Adolescent participants completed a brief questionnaire with questions on school status, grades, number of advanced courses, sleep, and onset of any difficulties with executive functioning ("Do you feel you have been having a harder time with attention and/or concentration since your pain started?").
Cognitive Measures
Participants and their parents completed the Behavior Rating Inventory of Executive Function (BRIEF [28] [32] ). Participants also reported pain intensity with a visual analog scale (VAS [33] ). Tests were administered in the following order: VAS, BRIEF, PCS-C, WRAML2 subtests, TOMM, VAS, CPT-II, VAS.
Pain Intensity and Duration
Pain intensity was measured via a visual analog scale that consisted of a 100 mm horizontal line with anchors at the left marked "0, no pain at all" and at the right, "100, worst pain I've ever felt." Participants indicated how much pain they were experiencing at the current time and completed this measure at the onset and completion of testing. VAS has been shown to be a reliable and valid way to measure pain intensity in children and adolescents and can be administered to children as young as age three years [33] . On the questionnaire indicated above, participants reported how many months they had been struggling with chronic pain.
Pain Catastrophizing
The Pain Catastrophizing Scale for Children (PCS-C) [29] is a 13-item self-report questionnaire in which children indicate the frequency they have exaggerated negative thoughts and feelings while they are in pain.
Responses range from 0 (not at all) to 4 (extremely). Total scores range from 0 to 52, with high scores indicating greater catastrophizing. The PCS-C has been shown to be reliable and valid for children and adolescents and has been administered to children age 8 to 18 years [23, 25, 29] .
Sustained Attention
The CPT-II is a computerized assessment of sustained attention [30] that measures speed and consistency of reaction times as well as accuracy. It provides 12 different measures of sustained attention and vigilance, three of which were used in this study, including number of omissions, number of commissions, and a measure of vigilance or sustained attention (Hit Reaction Time Block Change score). The CPT-II provides T-scores for these measures and has good reliability and validity for children age six years and older [30] . Lower scores indicate better performance.
Working Memory
The WRAML2 [31] is a well-established neuropsychological assessment of different aspects of memory ability including verbal memory, visual memory, and working memory. For the purposes of this study, we chose to administer two subtests developed to assess working memory, verbal working memory and symbolic working memory, and used the composite working memory score in analyses. The WRAML2 provides scaled and standard scores for age five to 90 years and has good reliability and validity. Higher scores indicate better performance.
The Behavior Rating Inventory of Executive Function (BRIEF) [28] is a reliable and valid self-report measure of executive function and provides several subscales for different aspects of executive function. For the purposes of this study, we examined the working memory subscale (T-score). Higher scores indicate more problems with cognitive functioning. This measure is widely used in clinical practice and has good reliability and validity, with normative data for children age five to 18 years.
Effort
The Test of Memory Malingering (TOMM) [32] is a visual recognition test developed to differentiate between suboptimal performance on psychometric testing due to lack of interest or motivation as opposed to a true cognitive deficit. For this study, we used the TOMM to rule out potential decreased effort that may call into question specific test scores. Per the manual, scoring less than chance levels on either trial 1 or 2 (i.e., 25) or scoring less than 45 on trial 2 may call into question formal test findings from other assessment instruments. Children as young as five years have demonstrated the ability to accurately complete this test [34] .
Results
Preliminary Results
On the general questionnaire, 28 (70%) of the participants reported experiencing difficulties with attention/ concentration since pain onset. All participants demonstrated adequate effort on the TOMM. Age was significantly negatively related to CPT-II commissions (r ¼ -0.39, P < 0.05).
Primary Results
Hypothesis 1
Twenty (50%) participants demonstrated abnormal results (1.5 SDs from normative mean) on at least one neuropsychological test of attention or executive functioning. See Table 1 for details regarding on which tests participants demonstrated or endorsed abnormal functioning. When examining scores at least 2 SDs away from the mean, a criterion typically used in clinical practice to designate significant clinical deficits, nine participants demonstrated or endorsed significant difficulties at this level. Of the six participants who were taking medications that could have side effects on cognition, two reported significant difficulties with working memory on both the parent and self-report BRIEF and one demonstrated a deficit on the CPT commission score. When exanimating pain severity scores at admission, using guidelines by Jensen and colleagues [35] for interpretation of VAS scores, participants who demonstrated deficits reported all levels of pain, including one with no Executive Functioning Pediatric Pain pain, six with mild, nine with moderate, and four with severe pain.
Hypothesis 2
Participants rated their pain intensity at three time points: immediately prior to testing, prior to CPT-II administration, and after the CPT-II. Participants reported a significant increase in pain intensity from time 1 to time 2 (t ¼ 2.86, P < 0.01) and from time 2 to time 3 (t ¼ 2.88, P < 0.01). See Table 2 for means and standard deviations.
Hypothesis 3
There was a significant relationship between pain intensity at onset of testing with CPT-II commissions (r ¼ 0.35, P < 0.05). Relationships between pain intensity at end of testing (r ¼ -0.33, P < 0.05) and CPT-II commissions (r ¼ 0.39, P < 0.05) were also significant. Pain duration in months was significantly correlated with self-reported BRIEF working memory (r ¼ 0.61, P < 0.05). Pain catastrophizing was positively significantly related to parent report of problems with working memory skills (r ¼ 0.36, P < 0.05) and self-report of problems with working memory (r ¼ 0.41, P < 0.01).
Discussion
This study supports previous work indicating that many adolescents with chronic pain struggle with executive functioning skills, at least at a subclinical level. Similar to the Cruz et al. study, we found that approximately onehalf of our sample indicated difficulties on at least one neuropsychological measure. The current study extends previous research in this area by including neuropsychological measures specifically designed to measure two aspects of executive functioning, sustained attention (CPT-II), and working memory (WRAML2). The authors chose to focus on these areas of low-to moderate-level executive functioning as they seem to reflect common complaints we hear from patients. Future studies may want to also test higher-order executive functioning as research has indicated that pain interferes with attention during more complex tasks [36] . In addition, all participants in the current study tested within normal limits on a test of effort, which has not been done in previous studies. This helps to validate the results.
Also consistent with our hypotheses, participants experienced increased pain from onset to completion of testing; the effect size was small to moderate. Previous studies examining cognitive functioning in adolescents have consisted of retrospective chart review [16] [17] [18] [19] and therefore have not examined changes in pain during testing. This finding supports patient reports that participating in activities that require them to use cognitive resources can be taxing and result in increased pain. Therefore, it may be helpful to allow students with chronic pain breaks throughout the day to use a quiet space for self-regulatory pain management strategies such as diaphragmatic breathing, muscle relaxation, imagery, and self-hypnosis.
Pain intensity, duration, and catastrophizing were significantly related to performance on several measures of cognitive functioning, with pain intensity being related to increased errors on a task of sustained attention. To our knowledge, this is the first study to demonstrate a significant relationship between pain variables and executive functioning in pediatric pain patients. These findings are consistent with research on adults with chronic pain [11] and suggest that it is important for health care providers and/or school staff to acknowledge the effects of chronic pain on cognitive functioning.
Further exploration of the nature and extent of cognitive struggles in adolescents with chronic pain would be helpful to guide treatment and recommendations for academic planning. As many of these patients describe debilitating struggles in attention, concentration, and memory, it is not uncommon for health care providers to suggest or support reduced time at school, homebound instruction, and/or accommodations at school [4] . Although well meaning, given the literature on how parent overprotective behaviors are related to increased child disability in this population [37, 38] , providing academic accommodations might function in the same way. That is, such accommodations might communicate to adolescents that they are not capable of doing School accommodations may also serve the role of focusing on pain and symptoms, which can lead to increased symptoms and disability. For example, McGowan and colleagues [39] showed in a laboratory study with healthy college students that attending to pain is related to increased pain intensity. Similarly, in a sample of adults with chronic low back pain, attention to pain was associated with greater pain intensity, emotional distress, psychosocial disability, and more physician visits [40] . The current study suggests that many adolescents with chronic pain do experience struggles in some areas of executive functioning, but whether or not school accommodations are helpful still needs to be explored. Future research in this area may help to guide a healthy balance of support for adolescents with chronic pain that might include some accommodations (e.g., taking breaks to use coping skills) while also helping them to stay in school.
Teaching patients coping strategies may provide skills that could help them remain at school even if they are struggling with pain and would likely help young people with pain feel better and stay on track with academic goals as well as social and emotional development. For example, patients can learn to use diaphragmatic breathing to calm themselves before an exam, positive self-talk to manage worries about pain and/or academic performance, exercise to manage stress, and utilize breaks during the school day to balance the demands of being at school. Patients may also benefit from learning how to pace their activities, prioritize tasks, and use time management skills. Such cognitive-behavioral strategies have been shown to be effective in helping adolescents increase functioning and manage pain [41] .
Limitations and Future Directions
There are several limitations to the current study. The sample size is relatively small and therefore limits the generalizability of the results. Sample size was chosen based on feasibility and availability of funds. Future studies should include larger samples to increase power. In addition, given that the majority (75%) of the sample was female, the findings may only generalize to the female population. However, given the scarcity of research on cognitive functioning in pediatric pain populations, the findings of this study contribute to what we know on this topic and are consistent with previous research. In addition, in regards to parent report, the current study had mostly mothers complete the questionnaires and did not have any fathers as participants. Future studies could include both parents to assess if there are differences in reporting.
The purpose of this study was to describe and examine executive functioning in a sample of patients with chronic pain. When examining the pain characteristics of the sample, it is important to note that some of the participants (n ¼ 4) did not endorse pain at the beginning of the study, and although two of these patients reported an increase in pain during the testing, their pain remained in the mild range. Given this, the results of the current study may slightly underestimate the prevalence of difficulties with sustained attention and working memory in adolescents with moderate to severe chronic pain.
We were not able to administer the tests to a healthy control group. Although examining scores on neuropsychological tests based on standard norms is helpful, it would have also been interesting to see how this sample of adolescents with chronic pain would have compared with a control group. Finally, our study utilized a subset of established neuropsychological constructs but did not measure all aspects of executive functioning, including more complex attentional processes. Future studies may wish to examine a larger sample, utilize a healthy control group, and utilize a wider variety of measures.
This study did not measure variables known to affect executive functioning such as sleep deficits or mood struggles. Future studies should include measurement of these variables as these are additional factors patients with chronic pain struggle with and intervention in these areas may also improve executive functioning.
Conclusions
In summary, pediatric patients with chronic pain selfreport difficulties with cognition and executive functioning, but little is known about the frequency and severity of these difficulties. Without this information, it is difficult for families to utilize school resources or develop an educational plan to promote school attendance and educational success. Fifty percent of this study sample of adolescents with chronic pain demonstrated at least subclinical difficulties on neuropsychological measures of sustained attention and working memory. In addition, participants demonstrated increased pain while engaging in cognitive tasks, and pain variables were related to executive functioning. The findings are consistent with previous research and expand our understanding of the relationship between pain and executive functioning. Continued research is needed to understand the relationship between pain and cognition and ensure that pediatric patients with chronic pain receive the best dose and type of school supports in order to maximize school attendance. 
